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COMPARISONat?THE sw~ Jm?ImcY OF

PANEIS.HNJIMGSTRAIGHT-W AND CCIRVJD-

WEB Y-SECTIONSmmlmER

By ~OZTili F. Daw and WiXLismA. Hiclman

.

Comparisonsare made of the structuralefficiencyof panelshaving
straight-weband curved-webY-sectionstiffeners.The comparisonsshow
that,in the high-stressrsgionin whichfailureis at least in ~
associatedwith localbucHing, panelshavingcurved-webY-sectionstiff-
enershavehigherstructuralefficienciesthanpanelsI&ing straight-
web Y-sectionstiffeners;thesehigherstructuralefficienciesare
evidencedby higheraveragestressesat failure,smallerstiffenerheights,
or wider averagespacingof rivetlines,in variousconibinationsdepend-
= on the designreqyirments.

●

JXTR(TOUCTICN

comparisonsof aesi$nsof wing Colllpressionpanelshavingstraight-
web Y-sectionstfifenerswith designsof panelshavhg Z-sectionstiff-
eners (reference1) indicatedthatfor scmeloadingconditionsthe Y-
stiffenedpsnelsbad the higherstructuralefficiencies.Becausecurving
the webs of the Y-sections(fig.1) increasesthe localbucklingstrength,
particularlyfor largewidth-to-thiclmessratiosof the webs,web cuqvature
appearsto offerpossibilitiesof increasingevenfurtherthe structural
efficiency&. Y-stiffenedpsnelsthatfail by localbucliling.lh ofier
to evaluatethe effectof web curvatureon the structuralefficiency,48
panelshavingWed-web Y-sectionstiffenmw were testedin ths Langley
structuresresearchlaboratory.The resultsof thesetestsare compqred
hereinwith the resultspresentedin reference1 for panelswith straight-
,web Y-sectionstiffeners.

------ ,-. ... .~... . . ... ..__. _ ,._” i----— .—— — .--—. -- ~—. -------- . . . . . . . . . . . . . .
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2- mCA!J!NITo.1787

SYMEmAs

The syuibols used to representthe variousdiimnshns of the panels
are sham in‘figures1 and 2. b addition,the foldmrlngs@mls- are

cross-sectional area, s gy.ere ixwhes

coefficientof end fklty as used in Euler colmm formula

dismeter& rivets,inches

distancefrm outsideof
crosssection,inches

lengthof psnel,inches

pitch a? rivets,inches

intensityof loading,or
width,kLps per inch

fill.etmdius, inches

cross-sectionalarea per
egpivalantor average

skinto axis & centerof gravityof

cc@ressiveloadper

inch of panel T@%th,
thichess, *s

.
radals(ZPgJmation, *EI

ave~ stress at fdling load,lmt

stressfor locallmckkn of the sheet=ksi

compressiveyieldstress,ksi

tit ‘~~ at fa311ngload

inch of panel

. .

eqresseii as sn

The test specimenswere constructedwith six stM’fenersend fivebays
as shuwnin figure1. The nominalvaluesof ~o#l the skinthickness ~

and the stiffenerthldmess ~ were held constantat O.O@& inch (~=..oo)g

Threesizesof stiffenerswere used correspon& L valuesof lqf~ of 20, .

~, and 30, and the stfifenemwere rimted to the sheetswith~-tich-

diameterA17S-T4flat-headrivets (ANkkMD) at * -inchpitchon ‘allpanels.

.
—.—. . . .. . . —-- ..= . .: _ ..—_. —-. . .- . . ~— —... . . .. —.—.-..—-. . .. -:,..... - .:.. - . . .,
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Valuesofthe-with-graincompressiveyieldstress acy for the sheet

material(uclaa 75s-T6ehII&mI SUOY) ma for ti’iextrusions(~-ti
alumtnumalloy)are givm h table1. Valuesof the impressive@eld
stressfor the materialused to cons~ct the 75S-T6alminum-dloy stmi ght-
web Y-stiffenedpanelsof refemxmes 1 ~d 2 are also givenin table1 for
coqparimn. The compressiveyield stressfor the sheetmaterialwas
essentiallythe samefor both the straight-weband curved-webspecti.
The compressiveyield Mmess for the stiffeners,huwever,was, on the
.avarage,6 ~eroent~ss for tie ourvea.-we~y-sectionswan for tie stxai&t-
web Y-sections.

The testyroceWre was essentiallythe sameas thatused in other
-L @sts h the Langleystructuresresearohlaboratory. (See references
3 ma 4.) me panels mw testes flat-enhl, tithoutsise SUPPOrt,in
a hydraulictestingmachinehavingan abouraoyof cme-hdf of 1 percmnt
of the ha. The stress for 100s2.buoltltigof the sheetwas determined.
by the strain-reversaldhoa (seereference5). The ends of the pene~
were groundflat and parallel,and the mthod of alinementin the testtig
machinewas suchas to insureuniformEesmlngson the ends of the specimens.
An end-fixitycoefficientof 3.75 has been indioatea for suohpanel tests
in thism@ine, and thisvaluewas tiereforeused.in reducingthe test
aata.

d the

strain
aers.

The unit- shorteningat failingload @y was masurea as the avemge

strains indicated by four,6&nch gagelength,resistance-@pewire

gagesmountedq the quarterpointsof the secondand fifthstiff-

Figure3 has been preparedas a matierof interestto shq? the failed
yortionsof me of the 75S-T6 sluminum-alloy, curved-web Y-stiffenea panels
aftertest,=a also of the corresponding24S-T3and 7*+6 dmuimnn-alloy

straight-webpanelsof reference1. .All.of these“wL3 ha the same
. ncmdnalvm13s Of t#~, ~/~, and b~ts (1.00, 30, ma 75} revectl~~) ~

ma awo, WI- 6 percent,the samelengthma cross-sectionalarea. The
loadsOarriedat failure,however,as shownin the figure,Vaxiedfrom
201 kipsfor the 24s-~ straight-webpanel to 369 kips for the 75s-’l6 ourved-
web panel,and at failurethe Ourved-webpanel shattered,whereasthe
straight-webpsnelsmerely~a 100d3Y.

RE3ums

ThO resultsare presentedin table2 aud figure4. Values& the
actualtestproportionsare gi”mnfor eaoh specimenin table2, together
with the valuesof avemge stressat failure Ff, the strem for 10CS2.
~uw ~cr> the ratioof intensityof loadingto effectivelengthof

.- -., .,-. -- - --- —-. .. . —--., -.. -—,— -——— - -.— - —-e------ ——. -———— .. -—- . . .
., --- .
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pmel ‘i
—,endthe unit shortming
L/G

at failure.=f. tifigure4 the “
“

valuesof df ‘ifor eachpanelare plottedagahst — and are cca@ared
L/G

with the correspondingvaluesfor the ~T6 strai@&-webY-stiffened
.

mls of ~f emce 1 to shm the effectof web curvatureon the panel
strength. In general,eventhoughthe value of the compressiveyield
stress a~

&
for the curved-webY-sectionextrusims was less than f Qr

the strai t-websections(seetd%le1), the averagestressat f aihre

for the curved-webpaneM was greaterthan that for th~ corresponding

straight-webpanels,exceptin the long-columnrange (low values

DllSIGl?CEKKCS

Direct-readingdesi~ chartsbased on the test resultsfor curvf3d-
web Y-stiffenedpanelsand similarin all respectsto the chartsof
reference2 for strai@t-webY-slzlf’fenedpanelsare presentedin figures
~ and 6. CMU%S of thistype my be used to find.directlythe panel
proportionsI*5ch will-carrya givenintensityof loading,at a given
effectivelengthof pauel,with a givensheetthickness. Becauseonly
one ratioof sttiener thiclmessto skinthiclmess ~/ts has been

tes%edwith cum d-webY-sectionstiffeners, only one d.esiwchart

‘(
for %?”

)
— = 1.00
%

is presented. The panelproportims whichhave

&limum weightfor thisvalue of t#S ‘maybe foundas those corre-

sp~ to the blue curvesor regi
the curvet3expml intoregionsa%

~ on the charts. The reasonthat
— .33.8 or 60.7 is sin@.y that
%

valuesof H/~ less thm 33.8 or greatirthm 60.7 =s not considered
in thesecharts. Too much importanceshouldnot ‘beattachedto the
exactproportionsindicatedto have minimumweightbecauseh mauy cases
the proportionshay be variedsqwhat from thoseindicatedby the blue
with littlechengein the valueof the stressthat can be carried. The
sectionpropertiescorrespomHngto “- ‘-–-’‘----—- ‘-----a‘“ “-
chartsmay he foupd5n table3.

me puuw progur uuuu wv wuu UY W=J

coMeARIsm a? ‘IKEs!mu~

wEBAMDcmRvED-wE13
.

.

EFFIOIENCIISOF STRKKET- .

Y-STmFlmm PAlmS

: ●

efficiencyof straight-webend Ourved-A comparisonof the structural.
web Y-stiff43nad~melE an logically %0 aiviaOa into two parts: a com-

pariSOn Of ~i8 Of such len@h that f=l-lure is P~ by Colunm

. . ..-. -. .- ------- --- - . -—- ~--—--r- . . . . , ---- .—. . —.
. . . > .,. -..’. . . . .“ -<..,.
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I.mnMng&d a conwrison of panels of shorterlengthsuch thatfailure
is, at leastin part,associatedfith lo~ %uc~ of tie -te ele=ts
of whichthe panelis co~osed. The reasonfor eeparat~ the cmparison
intotwo parts is that cm the webs of the Y-sections,becawb it adds
materialnear the axis of the c~ter of ~tity$ decre~es w efffciency
of the panelas a colum at the sametime that it raisesthe efficiency
from the standpointof localMmliMngo Web cumature can be accordingly
~ected to have eitheran adverseor beneficialeffectupon the structural
@ficiency, the type of effectdepedQ3 won me lfw@ of tie P1o

(The beneficialeffectof web curvatureat the shorterle~s M@
Pi

valuesof
)

\
~ti

is shuwnin figure4 for the particularproportionstested.

Web curvaturep~uced the greatest,ticreasein averagestressat failsm.

()%for the largest’sttl?feners— = 30 . Comparisonsbased simplyon the
%“ .

increasein stress-carz@ngabilityof theseparticularproportionsdue to
web curvatureare apt to be misleading,however. 33?a panelhas such
proportionsthat it failsat a low.stress,the failingstresscan‘be
ticreasedtithoutgreatdifficultyby almostany changein proportions.M
a panelis efficientlypropoz-bioned$on the otherhand,to carrya high
stress,the same changein proportionsnay decreasethe efficiency.

ti orderto generalizeand to removethe difficultiesassociated
with the particularcomparisonsof figure4, an eavelopecurveof Gf

comparedin figure7 with the emelope curve‘ofreference1 for 75S-Z6
strai@t-webpanels. The fact that littledifferenceaxistsbetween
the envelopesfor the curved-webend stz%i@rt-webpanelsat M values

Pi
of ~ (long~ti that fall.by columrlbenMng) but that at higher

— .
Pi

valuesof ~k (shorterpanels)the envelope-forthe curved-webPeneb

is the highercoufirmsti a general~ the beneficialeffectof web
curvatureat the sho+%erlengths. .

The foregoingremarksshouldnot b9 interpretedas indicathg that
a generalcomparisa is alwaysbetterthen a’particular comparism. Quite
the reverse is true. The designeris titerestedin the relativemerits
of varioustypesof constructimfor his particularapplicationand the
comparisonbetweenactualdesi~ suitablefor that applicationis the
most valid comparison that he can make. The Urect-readlhlgdesigncharts
(figs.5 and 6) are useful for mklng such compariscmsbecausethey shuw
dire”ctlythe panelproportionssmd the correspondingstressesthat canbe
carriedfor givenvaluesof the principaldesignccmditions.

-—_-- . ...— ------- . . . . .... -— —.. - . . .. —------ ——~------ -.-- ———---- -----— - —--- - -- -
..-’

,. .,.’



6 NACATN NO. 1787

A systematicseriesof suchparticularcaqarisons,made by studying
we curvesof tie *sign charts (figs.5 ancI6) - tie.correspofiing
chartsof reference2 reveaM that,exceptin the long-columnrange,
the curved-webyan.elsgenerallyhavewider averagespacingsof rivet
lines S thanthe strai#rt-webpanelswhichmeet the samevaluesof

Pi
the designconditionsP~t@ and ,~o A t~ical exempleis the case

for :—=1.20ksi ana ‘i
m

= 0.30ksi for which the fdbiing panel

designs are given by the designcharts:

df
7

(M)
H/~ q%

$

Stmigbt web 52.2 33.8 38.7

-a w31 53.0 33.8 k2.3
A

S~~, studyd figures4 and 6 reved.sthat in scme~casesa
curved-we%y-mff~a panelcan @ designedto have lessweight,smaIlar
heightsttl’feners,and a wider aveq spacingof rivetlinesthan the
li@test correspa strai@rk-wehY-stiffenedpanel. For example,

. .

w

.

Pi Pi
at —=llgksi ana

%
—=o.2jksi, the fcuuwing -mkdamm-weightdesign
L/fi

for ~ = 1.00 is given-bythe designchartsof nf expnce2 for panelswith
-@

strai@t-webstiffeners:

a,ksio. .. s... ●

7
H % . . . . . . . . . .
s~ts . . . . . . . . . .

A COrre~_ &Mi@l Of

titerpolatimin figure5

a,ksio o...... ●

$%/

s~~:::;::::.::

.
. . . . . . . . . . . . . . . . . . . . . 50.0
.* ...* ., .*** . . . . . . . . . 39.2
9....9. . . . . . . . . . . . . . . 41.Q

a pane~with curved-webstflene= is givenby
or6 tobe

● ...*** . ...0... *9 . ...8 50.5
● e..... . . . . . . . . . . . . . . 36.5
.* .*.*. . ..e. o B. .*... ● 42.5

M other words, the ~a-~b panel my havehigheraveragestresses
at failure,smallerheightstiffeners, or wideraveragespacingof rivet
lines,in variousccmbtitims dependingupon the designconditions.

●

.. --——- -.. - . ....= _ — .-. —.- .— -- -. . . —.
~..’ =—y7=— — “-‘., ..” ..$., ,.. ~ ,, .:, ,> .,.
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,’ CONCLUDING RJRWEKS

Comparisonshavebeen-e of the structuralefficiencyof panels
havingstrai&-web and ~ed-web Y-seq$im stiffeners.The comparisms
showedthat,in the high-stressregionh which fail- is at leastiu
part associatedwith localbucliling,panelsha- curved-webY-section
stiffenershave higjherstructuralefficienciesthan psnelshavjngstmight-
Wel Y-secticmstiffeners,thesehigherstructuralefficienciesbeing
ev%kncea by hi@er averagestressesat failure,smallerstiffener
heights,or wider averagespachg of rivetha, in variousconibbations
dependingon the designrequirementtso

Langley AeronauticalLaboratory
NationalAdviso~ Cmmnitteefor Aeronautics

LsngleYField,Va., Octobers, 1.g48
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T4Bmlo- vAmEsaE’THEcoMJ?REsmYIELDsTmss JmRTEE

MITEKGW USED FOR TEE CURVED-WEBY-Sl?lITTT P-

.— — -- .-— .— — ————

1 Ucy
(ksi)

Sheet Stiffeners
(Aloz.aa) (extruded)

M3@mum 69.0 &loo
Average 67.4 73-5

65.9 ~ 62.8

Straightwed-

MElximllm 69.7 e6.5
Avezqp 67.3

64.7
78.2
67.6

“Franreference1. =5=’

.
.’

. .

.
..

.—..- -- ...._. _ —- .—— . ...f-”. ... - .. —- —---- . . .— — ----- ——
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